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Costochondral calcification, osteophytic
degeneration, and occult first rib fractures in
patients with venous thoracic outlet syndrome
George G. Sheng, MD,a Yazan M. Duwayri, MD,a Valerie B. Emery, RN,a Anna M. Wittenberg, MPH,a
Clementine T. Moriarty, LPN,c and Robert W. Thompson, MD,a,b St. Louis, Mo
Objective: Subclavian vein (SCV) compression in venous thoracic outlet syndrome (TOS) has been attributed to various
anatomic factors, but a potential role for costochondral degeneration in the underlying first rib has not been previously
examined. The purpose of this study was to examine the frequency of costochondral calcification (CC), osteophytic
degeneration (OD), and occult first rib fractures (FRFx) in patients with venous TOS.
Methods: Thirty-seven patients (21 male, 16 female) were referred for surgical treatment of venous TOS during a
12-month period, with a mean age of 30.7  1.8 year (range, 12-55). Thirteen (35%) had acute SCV effort thrombosis
and 24 (65%) had chronic symptoms (>14 days). Twenty (54%) had undergone SCV thrombolysis, 11 (30%) had
persistent SCV occlusion, and 10 (27%) had concomitant symptoms of neurogenic TOS. All patients underwent
paraclavicular thoracic outlet decompression with complete resection of the first rib to the sternum, with 20 (54%) having
concomitant SCV reconstruction. The presence or absence of CC, OD, and FRFx was determined by direct visual
examination of the rib at operation and following debridement of the excised specimen.
Results: One patient had a cervical rib but there were none with radiographic first rib abnormalities. In contrast, FRFx
were observed at surgical resection in 16 of 37 patients (43%). All FRFx were small, nondisplaced, linear lesions located
within an area of CC in the anterior rib, typically in association with OD and perivenous soft tissue thickening. The mean
age of patients with FRFx was higher than those with a normal first rib (38.1 1.5 years vs 25.0 2.3 years; P< .0001),
and FRFx were present in 16 of 21 (76%) patients >30 years of age but in no patients younger than 30 (P < .0001).
Conclusions:A high proportion (43%) of patients with venous TOS exhibited CC, OD, and a previously undetected FRFx,
including 76% of those over the age of 30. These lesions occur in the cartilaginous anterior rib where they are clinically
occult and undetected by standard radiographic imaging. We postulate that age-related CC may predispose to OD and
stress-induced FRFx, and that inflammation, fibrosis, and anatomic distortion in the surrounding soft tissues may
contribute to SCV compression. (J Vasc Surg 2012;55:1363-9.)
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pVenous thoracic outlet syndrome (TOS) is a relatively
uncommon condition caused by compression of the sub-
clavian vein (SCV) within the costoclavicular space at the
level of the anterior first rib.1-3 Venous TOS most fre-
quently occurs in relatively young, active, and otherwise
healthy individuals, particularly those engaged in heavy
lifting or repetitive overhead use of the upper extremity in
recreational or occupational activities. The clinical presen-
tation of venous TOS is typified by SCV effort thrombosis
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doi:10.1016/j.jvs.2011.11.124Paget-Schroetter syndrome), with the abrupt develop-
ent of spontaneous arm swelling, cyanotic discoloration,
eaviness, and pain.4 Acute SCV thrombosis is thought to
epresent the end-result of chronic vein wall injury caused
y repetitive compression, in which fibrosis within and
urrounding the vein leads to progressive stenosis and
ventual occlusion.5,6 SCV compression in venous TOS has
een attributed to a number of different anatomic struc-
ures, including the first rib and/or clavicle, the anterior
calene muscle, the subclavius muscle, and the costoclavic-
lar ligament. The actual cause(s) of venous TOS and its
elationship to repetitive injury and previous trauma re-
ains incompletely understood.
During surgical treatment for venous TOS over the past
ecade we have often noted the presence of irregular costo-
hondral calcification (CC) and osteophytic degeneration
OD) in the anterior portion of the first rib, along with the
ccasional presence of small linear first rib fractures (FRFx).
hese alterations frequently appeared to be associated with
hickening in the surrounding soft tissues adjacent to the
ubclavian vein, leading us to speculate that degenerative and
tress-related changes in the anterior first rib might play a role
n development of SCV compression, at least in a subset of
atients. These observations prompted us to more carefully
xamine the frequency of CC,OD, and FRFx in a prospective
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for venous TOS.
METHODS
The study population consisted of all patients referred
to Washington University School of Medicine and Barnes-
Jewish Hospital (St. Louis, Mo) for surgical treatment of
venous TOS over a 12-month period. Detailed information
regarding each patient was summarized from office notes,
hospital charts, imaging studies, operative findings, and
records from treating physicians and therapists. The study
was approved by the Human Research Protection Office
(HRPO) at Washington University in St Louis.
Initial evaluation. Pretreatment evaluation included
the history and physical examination relevant to SCV effort
thrombosis and venous TOS, and review of the previous
upper extremity venograms and imaging studies. All pa-
tients were also examined for symptoms and signs of neu-
rogenic TOS, including completion of the Disabilities of
the Arm, Shoulder and Hand (DASH) survey instru-
ment.7-11 Plain chest radiographs (CXR), magnetic reso-
nance angiography (MRA), and computed tomography
angiography (CTA) studies were performed as indicated by
clinical circumstances, but were not specifically obtained
for this study. Preoperative imaging studies were reviewed
for the presence of osseous abnormalities, such as cervical
ribs and overt first rib fractures, but were not specifically
assessed for the presence of CC or OD.
Surgical treatment. Surgical treatment was offered to
all patients with recent SCV effort thrombosis, chronic
symptomatic venous TOS, or a combination of venous
TOS symptoms and disabling neurogenic TOS that had
been refractory to conservative management. The interval
between initial diagnosis and referral, the type and outcome
of previous treatment, or the presence of adverse findings
on contrast venography (ie, chronic SCV occlusion) did
not preclude consideration for surgical treatment. All pa-
tients underwent paraclavicular thoracic outlet decompres-
sion through a combination of supraclavicular and medial
infraclavicular incisions, including complete anterior and
middle scalenectomy, mobilization and protection of the
brachial plexus, excision of the subclavius muscle tendon
and costoclavicular ligament, and resection of the entire
first rib to the level of the sternum.5,12,13 No patient
required partial resection of the clavicle, disruption of the
sternoclavicular joint, or transmanubrial extension of the
exposure. Circumferential external venolysis was per-
formed from the level of the axillary vein to the subclavian-
jugular-innominate vein junction. No additional venous
reconstruction was performed when the following three
criteria were met: (1) excision of perivenous scar tissue
allowed the underlying SCV to expand to a normal caliber;
(2) the axillary and subclavian veins were soft and easily
compressible to palpation; and (3) intraoperative venogra-
phy demonstrated no residual SCV stenosis with the arm in
resting and elevated positions. Direct venous reconstruc-
tion was performed when the SCV was visibly narrowed,
thick-walled to palpation, or venographically obstructed aespite external venolysis (or when there was a previously
laced stent within the proximal SCV). Vein patch angio-
lasty was performed for patients with a focal stenosis and
inimal irregularity of the luminal surface upon direct
nspection of the opened vein, with the patch extending
rom the distal SCV into the anterolateral aspect of the
nnominate vein. For SCV bypass, the obstructed venous
egment was excised and an interposition graft was con-
tructed from the distal axillary-subclavian vein to the an-
erolateral innominate vein. All SCV reconstructions were
erformed with cryopreserved femoral vein and in most
atients this was accompanied by creation of a temporary
djunctive radiocephalic arteriovenous fistula, which was
igated under local anesthesia 12 weeks later. Therapeutic
nticoagulation was resumed with intravenous heparin
ithin 3 days of operation followed by conversion to oral
arfarin, which was discontinued 12 weeks after the pri-
ary operation. Postoperative physical therapy was begun
he day after surgical treatment and continued on a regular
chedule until 12 weeks, when unrestricted upper extremity
ctivity was permitted.
Operative assessment of the first rib. Following op-
rative exposure of the anterior first rib to the level of the
ternum and dissection of the adjacent soft tissues, the rib
as visually inspected for the presence or absence of CC,
D, and FRFx. After the first rib specimen was removed,
he bone was sharply debrided with a #20 scalpel blade,
mmersed in 3% hydrogen peroxide solution for 15 to 20
inutes at room temperature, and rubbed vigorously with
dry laparotomy pad to remove all residual muscle tissue,
ascia, and periosteum. The bone was examined and the
resence or absence of CC, OD, and FRFx was recorded.
he presence of CC was characterized by complete or
nterrupted replacement of the hyaline cartilage with calci-
ed tissue, and OD by an irregular contour of the calcified
ib surface with multiple cartilage-covered protrusions or
rojections from the rib surface. An FRFx was considered
resent when there was a visual and probe-palpable irregu-
ar linear defect in the surface structure of the rib specimen,
hether it was partial or extended across the entire trans-
erse diameter of the rib.
Data analysis. The principal variable assessed was the
resence or absence of an FRFx. This end point was then
valuated in relationship to patient age, gender, side af-
ected, preoperative imaging findings, operative treatment,
nd other clinical variables. Descriptive group data are
resented as the mean standard error (SEM) and/or the
edian and range of values. Comparisons between groups
ere made using the unpaired t-test with Welch correction
or data with continuous variables, or Fisher exact test for
ategorical data. All statistical tests were performed using
nStat version 3.0a (GraphPad Software Inc, San Diego,
alif), with P values .05 considered significant.
ESULTS
Patient population. There were 37 patients that un-
erwent surgical treatment for SCV effort thrombosis
nd/or venous TOS between November 1, 2009 and
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Volume 55, Number 5 Sheng et al 1365October 31, 2010, representing 22% of 167 patients that
underwent surgical treatment for all forms of TOS during
the same interval. As summarized in the Table, there were
21 (57%) men and 16 (43%) women with a mean age at the
time of treatment of 30.7  1.8 years (median, 30 years;
range, 12-55 years). Thirteen patients (35%) had acute
SCV effort thrombosis (symptom duration 14 days) and
24 (65%) had previous SCV effort thrombosis or chronic
symptoms of upper extremity venous congestion. Twenty
patients (54%) had previously undergone catheter-directed
thrombolytic therapy (with or without adjunctive balloon
angioplasty), one had undergone stent placement in the
SCV, and one had been previously treated with transaxillary
first rib resection and placement of stents in the subclavian
and axillary veins. At the time of presentation, 26 patients
(70%) had a residual high-grade SCV stenosis and/or po-
sitional SCV occlusion at the level of the first rib, and 11
(30%) had chronic SCV thrombosis with a fixed occlusion.
Ten patients (27%) had concomitant clinical signs and symp-
toms of neurogenic TOS. The mean preoperative DASH
score was 43.0 3.4 (median, 33.7; range, 24.2-100.0) and
was significantly higher for patients with clinical findings of
neurogenic TOS (neurogenic TOS mean  60.2  8.4,
median  57.1; no neurogenic TOS mean  36.1  2.3,
median  32.8; P  .02). There was one patient with a
cervical rib identified by preoperative imaging studies but
none had radiographic first rib abnormalities. There were no
patientswith a history of blunt chest trauma, clavicle or first rib
fractures, or other upper extremity injuries.
Operative treatment. All patients underwent paracla-
vicular thoracic outlet decompression with complete resec-
Table. Patients with venous TOS and occult FRFx
All patients
Number 37
Age (years), mean  SEM 30.7  1.8
Range 12-55
Age 30 year 21 (57%)
Male gender 21 (57%)
Right side affected 20 (54%)
Acute Sx (14 days) 13 (35%)
Chronic Sx (14 days) 24 (65%)
Prev thrombolytic Rx 20 (54%)
SCV stenosis 26 (70%)
SCV occlusion 11 (30%)
No bone abnormality on pre-op imaging 36 (97%)
Sx of neurogenic TOS 10 (27%)
DASH, mean  SEM 43.4  3.3
Primary operation 36 (97%)
SCV venolysis alone 17 (46%)
SCV patch angioplasty 6 (16%)
SCV bypass graft 14 (38%)
Adjunctive AVF 15 (40%)
Hospital LOS (days), mean  SEM 5.4  0.3
Range 3.2-10.3
AVF, Arteriovenous fistula (radiocephalic);DASH,Disabilities of the Arm, S
length of stay; Prev, previous; Rx, treatment; SCV, subclavian vein; Sx, sym
aFRFx vs No FRFx; unpaired t-test with Welch correction (for continuous dtion of the first rib to the sternum (Table). In 17 patients p46%), external venolysis was sufficient to restore a widely
atent SCV and no additional venous reconstruction was
erformed. SCV reconstruction was performed in 20 pa-
ients (54%), using patch angioplasty in 6 and an interpo-
ition SCV bypass in 14, along with an adjunctive AVF in
5 (40%). The mean postoperative hospital length of stay
LOS) was 5.4  0.3 days (median, 5.3 days; range, 3.2-
0.3 days).
First rib abnormalities. In each patient, the resected
rst rib specimen was specifically examined to determine
he occurrence of previous FRFx and other pathologic
ndings that might have contributed to subclavian vein
ompression. The surgically resected first rib exhibited a
reviously unrecognized FRFx in 16 of 37 patients (43%).
ll FRFx were small, nondisplaced, linear lesions located
ithin an area of CC in the anterior rib medial to the
calene tubercle, at the site of attachment of the subclavius
uscle tendon and costoclavicular ligament and adjacent to
he overlying SCV (Fig 1). These lesions were typically
ssociated with OD and surrounded by callous and/or soft
issue thickening adherent to the SCV (Fig 2).
As shown in the Table, the mean age of patients with
RFx was higher than those with a normal first rib (38.1
.5 years vs 25.0  2.3 years; P  .0001). In addition,
RFx were present in 16 of 21 (76%) patients30 years of
ge but in no patients younger than 30 (P .0001) (Fig 3).
he two groups exhibited no other significant differences
n demographic or clinical variables.
ISCUSSION
The first rib is normally broad, flat, and acutely curved,
FRFx No FRFx P valuea
16 (43.2%) 21 (56.8%)
38.1  1.5 25.0  2.3  .0001
30-51 12-55
16 (100%) 5 (24%)  .0001
10 (62%) 11 (52%) NS
8 (50%) 12 (57%) NS
5 (31%) 8 (38%) NS
11 (69%) 13 (62%) NS
9 (56%) 11 (52%) NS
10 (62%) 16 (76%) NS
6 (38%) 5 (24%) NS
16 (100%) 20 (95%) NS
5 (31%) 5 (24%) NS
46.4  5.7 40.8  3.9 NS
15 (94%) 21 (100%) NS
6 (37%) 11 (52%) NS
4 (25%) 2 (10%) NS
6 (37%) 8 (38%) NS
8 (50%) 7 (33%) NS
5.5  0.3 5.3  0.4 NS
3.2-7.5 3.3-10.3
er, and Hand survey instrument; FRFx, first rib fracture; LOS, postoperative
; TOS, thoracic outlet syndrome.
r Fisher exact test (for categorical data). NS, not significant; P .05.houldlaced deeply in the lower neck/upper chest, and protected
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ture. The anterior scalene tubercle is located on the upper
surface and inner curve of the rib, at the junction of the
anterior third and posterior two-thirds, approximately 1 to
2 cm lateral to the costochondral junction. Adjacent to the
scalene tubercle the upper surface of the rib may exhibit
shallow grooves for the subclavian artery (posteriorly) and
the subclavian vein (anteriorly). The groove for the subcla-
vian artery is slightly deeper than that for the vein, thereby
forming the weakest point in the first rib; it is also located at
a junction between mechanical musculoskeletal forces that
pull up (anterior and middle scalene muscles, subclavius
muscle) and forces that pull down (serratus anterior and
intercostal muscles) upon the first rib. The first rib costal
cartilage normally undergoes a steady process of calcifica-
tion with age, with the onset of mineralization occurring at
Fig 1. Costochondral calcification and occult first rib f
venous thoracic outlet syndrome (TOS). Operative ex
clavicle oriented to the top (A). The entire anterior rib is
sites (boxed outlines). The excised first rib specimen (B
(asterisk) and the fracture sites (arrows).D-F, Patient wit
rib resection and stents placed in the subclavian and axil
location of the stents (arrows), compared with a postope
of the residual first rib that were resected during parac
demonstrates complete calcification and an occult fractuthe end of puberty and accelerating after the second de- fade.14,15 The sequence and progression of these physio-
ogical changes in the first rib have been found to be
ufficiently predictable to use the extent of first rib calcifi-
ation as an estimate of age-at-death in forensic sci-
nce.16-18
Overt fractures of the first rib are usually considered to
e the result of direct high-impact trauma and are fre-
uently associated with significant multisystem injury.19,20
n contrast, stress fractures are less common and can be
ssociated with minimal morbidity.21-23 Most stress frac-
ures of the first rib are related to vigorous repetitive upper
xtremity motion, as seen in baseball players and other
thletes,24-27 and may arise in a manner similar to stress
ractures of other ribs, as observed in rowing athletes.28-31
he groove for the subclavian artery in the lateral portion of
he bone is the most common location for first rib stress
res. A-C, Anterior first rib in a patient with right-sided
e through the medial infraclavicular incision with the
fied and demonstrates two occult nondisplaced fracture
C) demonstrating the location of the scalene tubercle
-sided venous TOS that had a previous transaxillary first
eins. A preoperative chest radiograph (D) showing the
chest radiograph (E) showing superimposed specimens
lar decompression. The anterior first rib specimen (F)
rows).ractu
posur
calci
and
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and radionuclide bone scans.32
In this study, we found that a high proportion (43%) of
patients with venous TOS exhibited CC, OD, and a previ-
ously undetected FRFx, including 76% of those over the
age of 30. These lesions occurred in the cartilaginous
anterior rib where they were clinically occult and unde-
tected by standard radiographic imaging, and were only
evident by macroscopic examination of the first rib in situ
and after surgical excision. It appears likely that age-related
CC may predispose to OD and FRFx as a consequence of
either distant blunt chest trauma or localized musculoskel-
etal stresses. The effects of repetitive trauma to bone are
often described in terms of trauma-induced fatigue dam-
age, microcracks, and bony repair processes.33-35 Such
alterations are typically identified at the microscopic scale
and were thereby not assessed in this study, but it remains
possible that patients with venous TOS might exhibit an
even higher frequency of microscopic alterations in the
Fig 2. Osteophytic degeneration. A-C, Anterior first rib
(TOS). Operative exposure with the clavicle oriented
osteophytic degeneration, and two occult fractures (boxe
nent osteophytes and sites of fractures (B and C). D-F,
Operative exposure with the clavicle oriented to the top (
(boxed outlines). Excised first rib specimen demonstratinproximal first rib. The first rib abnormalities we have ob- terved thereby appear most likely to represent a combina-
ion of age-related ossification of the costal cartilage and
he response of nascent bone to chronic repetitive trauma
ssociated with vigorous and/or overhead use of the upper
xtremity.
A fundamental limitation of this study is that we cannot
rmly establish that the observed first rib abnormalities are
ore prevalent in patients with venous TOS compared with
iven control population, nor can we confidently assert that
hese abnormalities are not simply a reflection of age-
elated changes in the first rib that might otherwise occur
requently, being thereby identified in these patients only as
consequence of their having developed venous TOS. The
ata presented illustrate the frequency with which such
hanges in the first rib are present in patients with venous
OS, but do not allow us to infer that these abnormalities
lay a critical or contributing role in the development of
CV compression and thrombosis. It is also apparent that
he presence of first rib abnormalities is not necessary for
patient with left-sided venous thoracic outlet syndrome
he top (A) demonstrates costochondral calcification,
lines). Excised first rib specimen demonstrating promi-
rior first rib in a patient with right-sided venous TOS.
monstrates prominent osteophytes with occult fractures
tion of osteophytes and fracture sites (E and F).in a
to t
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D) dehe development of venous TOS, since a proportion of our
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hand, since the type of FRFx observed in this study were
located in close proximity to the grove for the subclavian
vein, we suspect that inflammation, fibrosis, and anatomic
distortion in the surrounding soft tissues may have contrib-
uted to SCV compression in at least some patients. This
interpretation is consistent with the recognition that
perivenous soft tissue thickening and fibrosis within and
around the SCV play an important role in the development
of venous TOS and effort thrombosis.5,12 Future studies to
address these questions will likely require more accurate
imaging-based assessment of first rib structure in patients
with venous TOS and comparison with an age-matched
control population of unaffected individuals, along with
macroscopic and microscopic examination of the first rib
when possible.
The potential role of FRFx in venous TOS has not been
previously recognized, in large part because these lesions
occur in the cartilaginous anterior rib where they are diffi-
cult to detect radiographically. In addition, surgical ap-
proaches to venous TOS frequently involve partial, incom-
plete, or only piecemeal resection of the anterior first rib,
Fig 3. Age and first rib fractures in patients with venous thoracic
outlet syndrome (TOS). Scatterplot depicting the age and gender
of patients with venous TOS, comparing those with a normal first
rib and those with occult first rib fractures.precluding the ability to examine the operative specimen.
1urther investigation will be needed to determine the
ause(s) and influence of occult FRFx in the development
f venous TOS.
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